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DJUHDWQXPEHURIVWXGLHVKDYHEHHQFDUULHGRQIDWLJXHFKDUDFWHUL]DWLRQRI7LDOOR\>@DOVRWRWDNHLQWRDFFRXQWWKH
HIIHFWVRIVXUIDFHWUHDWPHQWV>@WKHLQIOXHQFHRISODVWLFGHIRUPDWLRQV>@DVZHOODVWKHSUHVHQFHRIUHVLGXDOVWUHVVHV
>@(IIHFWVRQIDWLJXHSHUIRUPDQFHVKDYHDOVREHHQHYDOXDWHGIRUGLIIHUHQWPHWKRGVRISURGXFWLRQRIFRPSOH[SDUWV
OLNHODVHURUK\EULGZHOGLQJ>@VHOHFWLYHHOHFWURQEHDPPHOWLQJ>@IULFWLRQVWLUZHOGLQJ>@RUVHOHFWLYHODVHU
PHOWLQJ>@0RUHLQVLJKWFDQEHDFKLHYHGE\DSSO\LQJLQQRYDWLYHPRQLWRULQJWHFKQLTXHVWRVSHFLPHQVXEMHFWHGWR
IDWLJXHORDGLQJLQWKLVSDSHULQSDUWLFXODUWKHDFRXVWLFHPLVVLRQ$(ZDVDGRSWHGLQRUGHUWRJHWVRPHPRUHFOXHV
DERXWZKDWLVKDSSHQLQJLQUHDOWLPHLQVLGHWKHVDPSOHXQGHUWHVWLQJ2QHRIWKHPDLQDGYDQWDJHVRIWKLVWHFKQLTXH
LVLQIDFWWKDWLWDOORZVFRQWLQXRXVPRQLWRULQJRIVWUXFWXUHVZLWKRXWDQ\QHFHVVLW\WRVWRSWKHWHVW>@7KHPHWKRGLV
EDVHGRQWKHGHWHFWLRQRIWKHVWUHVVZDYHRULJLQDWHGE\DQDFWLYHGHIHFWLQVLGHWKHPDWHULDO>@7KHDFRXVWLFZDYH
FDQEHGHWHFWHGE\XVLQJSLH]RHOHFWULFVHQVRUVSURSHUO\SODFHGRQWKHVXUIDFHRIWKHVSHFLPHQXQGHUDQDO\VLVDQGLWKDV
EHHQVXFFHVVIXOO\DSSOLHG WRPDQ\GLIIHUHQW VLWXDWLRQDV IRUH[DPSOH WKHPRQLWRULQJRI WKHPRWLRQRIGLVORFDWLRQV
GXULQJORFDODQQHDOLQJWUHDWPHQWV>@RUWKHDQDO\VLVRIWKHFUDFNSURSDJDWLRQLQDOXPLQXPVDPSOHV>@DQGLQ
VWHHO>@7LWDQLXPDOOR\KDYHEHHQVWXGLHGE\$(LQ>@ZKHUHKRZHYHUQRFRQVLGHUDWLRQDERXWDFRXVWLFVRXUFH
ORFDOL]DWLRQDQGFKRLFHRIDPSOLWXGHDQGVSDWLDOILOWHULVSUHVHQW,QWKLVSDSHUDFRXSOHRISLH]RHOHFWULFDFRXVWLFVHQVRUV
KDYHEHHQSODFHGRQDVDPSOHVXEMHFWHGWRVLQXVRLGDOIDWLJXHORDGWKLVDOORZOLQHDUORFDOL]DWLRQDORQJWKHOHQJWKRIWKH
VDPSOHRIWKHDFRXVWLFVRXUFHIXUWKHUPRUHGLIIHUHQWIHDWXUHVRIDFTXLUHGDFRXVWLFVLJQDOZHUHGHWHFWHGDVIRUH[DPSOHV
DPSOLWXGHKLWVDQGVRRQDQGWKH\ZHUHFRPSDUHGLQGLIIHUHQWDUHDVLQWKHWHVWHGVSHFLPHQ
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İ$ 0HDVXUHGVWUDLQDPSOLWXGH

0DWHULDOVDQG0HWKRGV
6HYHQ7LWDQLXPJUDGHVDPSOHVZHUHWHVWHG)LJ7KHVDPSOHVKDGDUHFWDQJXODUFURVVVHFWLRQ$ [PP
DQGDOHQJWKO PP7ZRVORWVZHUHODVHUFXWLQWKHVDPSOHLQRUGHUWRLQWURGXFHDVWUHVVFRQFHQWUDWLRQDUHDWKDW
ZLOO DOORZ WRGHILQH WKH UHJLRQRI FUDFNQXFOHDWLRQ DQGSURSDJDWLRQ ,Q VXFK DZD\ LWZLOO EHSRVVLEOH WR WHVW WKH
HIIHFWLYHQHVVRIWKH$(WHFKQLTXHLQORFDOL]HWKHDFRXVWLFHPLVVLRQVRXUFH7KHUDGLXVRIWKHVORWZDVU PPDQGWKH
FRUUHVSRQGLQJVWUHVVFRQFHQWUDWLRQIDFWRUZDVNW )DWLJXHWHVWVZHUHSHUIRUPHGXQGHUVLQXVRLGDOORDGE\D,QVWURQ
VHUYRK\GUDXOLF PDFKLQH HTXLSSHG ZLWK D  N1 ORDGLQJ FHOO 7KUHH GLIIHUHQW OHYHOV RI ORDGLQJV ZHUH WHVWHG
UHVSHFWLYHO\N1N1N1ZLWKDORDGUDWLR5 DQGDORDGIUHTXHQF\I +]7ZRVWUDLQJDJHVZHUH
SODFHG QH[W WR WKH VORWV )LJ DQG WKH 6\VWHP  DFTXLVLWLRQ V\VWHPZDV XVHG WR DFTXLUH WKHLU VLJQDOV 7KH
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DFTXLVLWLRQIUHTXHQF\ZDVVHWWRID +]7ZRSLH]RHOHFWULF3LFRVHQVRUV>@ZHUHSODFHGLQWKHXSSHUDQGLQWKH
ORZHUSDUWRIWKHVDPSOHV\PPHWULFDOO\ZLWKUHVSHFWWRWKHPHGLDQD[LVRIWKHVDPSOH)LJ

 
)LJDJHRPHWU\DQGGLPHQVLRQRIWKHVSHFLPHQVESLFWXUHRIWKHVSHFLPHQ
7KHVHVHQVRUVKDYHGLPHQVLRQV[PPDQGDVHQVLWLYLW\UDQJH·N+]&RXSOLQJRIWKHVHQVRUZLWKWKHPHWDO
ZDVGRQHWKURXJKVLOLFRQLFJUHDVHDQGSURSHUO\FKHFNHGE\+VX1LHOVHQWHVW



7KHGLVWDQFHEHWZHHQWKHWZRVHQVRUVZDVGV PP7KHRXWSXWVLJQDOVIURPWKH3=7VHQVRUZHUHVHQWWRDSUH
DPSOLILHUPRGXOXVKDYLQJ DJDLQ VHW WRG% DQG VXFFHVVLYHO\ WR WKH DFTXLVLWLRQERDUG3UHOLPLQDU\ RSHUDWLRQV
DOORZHGWRGHWHUPLQHWKHVRXQGVSHHGIRUWKHWHVWHGPDWHULDOLHY PVDQGWKHSURSHUWKUHVKROGYDOXHIRUWKH
$(V\VWHP7KLVODVWSDUDPHWHUZDVVHWWR9WK G%ZKLFKZDVIRXQGWREHDJRRGFRPSURPLVHEHWZHHQWKHQHFHVVLW\
)LJ3LFWXUHRIWKHVHWXSZLWKWKHLQGLFDWLRQRIWKHSRVLWLRQRIWKHDFRXVWLFSLH]RHOHFWULFVHQVRUDQGWKHVWUDLQJDJHV
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WRILOWHUQRLVHDVEHVWDVSRVVLEOHDQGDWWKHVDPHWLPHWRPDLQWDLQDJRRGVHQVLWLYLW\IRUGHWHFWLRQRIUHOHYDQWHYHQWV
2QFHWKDWYDQGGVDUHNQRZQLWLVSRVVLEOHWRSHUIRUPOLQHDUORFDOL]DWLRQRIWKH$(VRXUFHE\VROYLQJWKHIROORZLQJ
HTXDWLRQ

\ \  G G  Y 7 7         

%\NQRZLQJWKDW

V \ \G  G G          

)LQDOO\ UHFRUGHG$(VLJQDOZHUHFROOHFWHGDQGDQDO\]HGE\ WKH3$&VRIWZDUHZKLFKDOVRDOORZ WKHSRVVLELOLW\ WR
SHUIRUPVRPHSRVWSURFHVVLQJRSHUDWLRQOLNHVSDWLDODQGDPSOLWXGHILOWHULQJ

5HVXOWVDQG'LVFXVVLRQV

,Q)LJWKHİDYV1JUDSKLVUHSRUWHGRQD/RJ/RJGLDJUDP7KHVWUDLQDPSOLWXGHUHSRUWHGLVWKDWPHDVXUHGE\RQH
RIWKHVWUDLQJDJHVDWWDFKHGRQWKHVDPSOHV
7KHDUURZVLQGLFDWHWKDWWZRRIWKHWHVWHGVDPSOHVZHUHQRWEURNHQGXULQJWKHWHVWWKDWLQERWKFDVHVZDVVWRSSHGDW
DERXWILYHPLOOLRQVRIF\FOHV7KHWUHQGLVTXLWHZHOOILWWHGE\DSRZHUODZDFFRUGLQJWRWKHUHODWLRQVKLSİD ā1
WKHWUHQGLVVKDOORZDVVWDWHGLQ>@7KHH[SRQHQWE IRXQGIRUWKHSRZHUODZDSSHDUVWREHFRQVLVWHQW
ZLWKRWKHUVLPLODUPHDVXUHPHQWVOLNHWKRVHUHSRUWHGLQ>@ZKHUHDQH[SRQHQWE ZDVIRXQGIRU7LJUDGH
,Q)LJWKHVORSHRIWKH)YVİLVSORWWHGDVDIXQFWLRQRIWKHQRUPDOL]HGQXPEHURIF\FOHVWKDWLVWRVD\WKHFXUUHQW
QXPEHURIF\FOHVGLYLGHGE\WKHQXPEHURIF\FOHVWRUXSWXUH'DWDDUHUHIHUUHGWRWKHWZRVWUDLQJDJHVDSSOLHGRQWKH
VSHFLPHQQXPEHUWHVWHGDW) N1KRZHYHUVLPLODUEHKDYLRUKDYHEHHQREVHUYHGIRUDOOWKHWHVWHGVSHFLPHQV




)LJİDYV1FXUYH±DUURZVDUHUHIHUUHGWRVDPSOHVZKLFKZHUH
QRWEURNHQGXULQJWKHWHVW
)LJ6ORSHRIWKH)İFXUYHYVf3ORWZDVREWDLQHGIRUVSHFLPHQ
WHVWHGDWN1

3ORWLQ)LJVKRZVWKDWGXHWRWKHSURSDJDWLRQRIWKHIDWLJXHFUDFNDVXGGHQLQFUHDVHRIWKHVORSHDSSHDUVDVD
FRQVHTXHQFHRIWKHUHGXFWLRQRIWKHVWLIIQHVVRIWKHVSHFLPHQ7KLVEHKDYLRULVDQWLFLSDWHGE\WKHVWUDLQJDJHQHDUHVW
WRWKHFUDFNLQLWLDWLRQVLWHZKRVHGDWHDUHGHVFULEHGE\WKHEOXHOLQHDQGZKHUHGLIIHUHQFHLQVORSHDUHREVHUYDEOHDW
DERXWRIWKHWRWDOOLIHRIWKHVDPSOH6LPLODUEHKDYLRULVIRXQGDOVRRQWKHVWUDLQJDJHVSODFHGRQWKHRSSRVLWH
VLWHZLWKUHVSHFWWRWKHFUDFNLQLWLDWLRQDUHDEXWFKDQJHLQVORSHDUHREVHUYHGODWHUDWDERXWRIWKHWRWDOOLIH
,Q)LJ WKH FXPXODWH QXPEHU RI FRXQWV UHFRUGHGE\RQHRI WKH WZRSLH]RHOHFWULF VHQVRUV LV SUHVHQWHG IRU WKH
VSHFLPHQQXPEHUHGDQG
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,WFDQEHREVHUYHGWKDWLQERWKFDVHVWKHUHLVDQLQLWLDOVWDJHZLWKDPRUHUDSLGLQFUHPHQWRIWKHFXPXODWLYHQXPEHU
RIFRXQWVIROORZHGE\DVWDELOL]DWLRQRIWKHQXPEHURIFRXQWV7KHVHWZRVWDJHVDUHFRPPRQO\REVHUYHGLQ$(WHVWLQJ
KRZHYHUGDWDGRHVQRWGLVSOD\WKHILQDOUDSLGLQFUHPHQWFRQQHFWHGZLWKWKHILQDOVWDJHRIFUDFNSURSDJDWLRQDVLWLV
REVHUYHGIRUH[DPSOHLQ>@DQGLQ>@$SRVVLEOHH[SODQDWLRQIRUWKDWFDQEHWKDWDJUHDWQXPEHURIHYHQWVRFFXUV
LQWKDWVWDJHLQWKHZKROHVDPSOHDQGWKLVFDQPDVNWKLVIHDWXUHV,IDKLJKSDVVDPSOLWXGHLVDSSOLHGWRGDWDZLWKD
WKUHVKROGRIG%WKHFXUYHDSSHDUVDVLWLVVKRZQLQ)LJ


)LJ&XPXODWLYHEHKDYLRXURIWKHQXPEHURIFRXQWVYVWLPHOHIWVSHFLPHQULJKWVSHFLPHQ



)LJ+LWVYV1RUPDOL]HGQXPEHURIF\FOHV1XPEHURI+LWVKDVEHHQ
ILOWHUHGE\DKLJKSDVVDPSOLWXGHILOWHU'DWDDUHUHIHUUHGWRWKH
VSHFLPHQQXPEHU

)LJ(YHQWVYV7LPHYV<SRVLWLRQ7KHDUHDGLVSOD\HGLVWKH
UHJLRQZKHUHWKHPD[LPXPGHQVLW\RIHYHQWVZDVREVHUYHG'DWD
DUHUHIHUUHGWRVSHFLPHQ


,WFDQEHREVHUYHGWKDWDWDERXWRIWKHWRWDOOLIHDUDSLGLQFUHPHQWRIWKHVORSHDSSHDUVWKDWFDQEHVWULFWO\
FRQQHFWHGZLWKWKHILQDOVWDJHRIWKHFUDFNSURSDJDWLRQ6LPLODUEHKDYLRUDUHREVHUYHGIRUDOOWKHVSHFLPHQWKDWZHUH
EURNHQGXULQJWKHPHDVXUHPHQWV
)LQDOO\LQ)LJLVGLVSOD\HGWKHSRUWLRQRIWKHVDPSOHZKHUHWKHKLJKHVWGHQVLW\RIKLJKDPSOLWXGHHYHQWVDUHIRXQG
7KHDUURZVLQGLFDWHWKHSRVLWLRQRIWKHFHQWHURIWKHVORWVZKLFKFRUUHVSRQGVWRORQJLWXGLQDOFRRUGLQDWHRIWKHFUDFN
SDWK$VLWFDQEHREVHUYHGWKHDUHDLVFHQWHUHGDERXWWKHVORWVSRVLWLRQWKLVFRQILUPVWKDWWKHKLJKDPSOLWXGHHYHQWV
DUHFRQQHFWHGWRWKHFUDFNSURSDJDWLRQSKHQRPHQRQDQGDWWKHVDPHWLPHVKRZVWKHFDSDELOLW\WRSUHFLVHO\ORFDOL]H
WKHFUDFNSRVLWLRQDORQJWKHVDPSOHE\WKH$(WHFKQLTXH

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ORDGLQJ ,WZDVREVHUYHG WKDWDTXLWHFRQVLVWHQWDFRXVWLFHPLVVLRQRFFXUVGXULQJ WKHZKROH WHVW ,I WKHFXPXODWLYH
QXPEHURIFRXQWVRUKLWVLVSURSHUO\DQDO\]HGLQRUGHUWRLVRODWHKLJKHUDPSOLWXGHHYHQWVWKUHHGLIIHUHQWVWDJHVLQFUDFN
HYROXWLRQFDQEHGLVWLQJXLVKHG,QWKHILUVWVWDJHDFWLYLW\VWD\VKLJKDVDFRQVHTXHQFHRIFUDFNLQLWLDWLRQ,QWKHVHFRQG
VWDJHWKHDFWLYLW\LVORZHUHGGRZQXQWLODSSURDFKLQJWKHVWDJHQH[WWRWKHXQVWDEOHFUDFNSURSDJDWLRQZKHUHWKHVORSH
RI WKH FXPXODWLYH QXPEHU RI FRXQWV JUHDWO\ LQFUHDVH XQWLO WKH UXSWXUH RI WKH VSHFLPHQ 7KH RQVHW RI WKLV VWDJH
DSSUR[LPDWHO\FRUUHVSRQGVWRWKHLQFUHDVHRIWKH)İVORSHDVREWDLQHGIURPWKHVWUDLQJDJHQH[WWRWKHFUDFNLQLWLDWLRQ
VLWH:LWKUHVSHFWWRWKHH[WHQVLPHWULFWHFKQLTXHKRZHYHU$(HPLVVLRQGRHVQ¶WUHTXLUHSUHNQRZOHGJHRIWKHFUDFN
LQLWLDWLRQVLWHEHFDXVH)LQDOO\SURYLGHGWKHFRUUHFWYDOXHRIWKHVRXQGVSHHGLQWKHJLYHQPDWHULDOLVNQRZQWKH$(
WHFKQLTXHSURYHGLWVHOIWREHHIILFLHQWLQGHWHFWWKHORQJLWXGLQDOSRVLWLRQRIWKHFUDFNGXULQJDOOWKHSHUIRUPHGWHVWV
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